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ABSTRACT

This report documents an extension of work done on the Snow Accumulation Algorithm (SAA)
development for NEXRAD WSR-88D radars. An expansion of operational testing using Level 111 data
shows that the algorithm continues to be robust. For the 1998-1999 season (November - April) avariety
of accumulation products were made available on the Internet for five radars across the Dakotas and
Minnesota, including aregional mosaic. The Z.-S relationship used was 150 R?°. That network was
expanded to 10 radars for the 1999-2000 winter season.

Issues involving the vertical gradient of reflectivity and snowfall continued to be prominent. The vertical
gradient of falling snow was used to generate a range correction which boosts integrations by a factor of
three at 230 km. The use of this correction scheme appears to be appropriate when compared to surface
observations. Experimental work was performed that reduces the effects of virga at far ranges. A
visualization routine was created to display the vertical gradient in the lowest 5 km of altitude above the
radar. Partsof that routine may be useful in future efforts to reduce virga and bright band effects.

Future work should continue to examine the vertical gradient issue to identify the best style of algorithm.
One that can simultaneously adjust for virga, bright band, and range correction would be preferred. In
addition, individual radar hybrid scan and occultation files can be adjusted by hand editing to reduce
blemishesin the SAA product.

Vi






1. INTRODUCTION

Approximately 160 NEXRAD (NEXt generation weather RADar) units were installed across the United
States during the period 1991-1997 (Fulton et al., 1998). Individual radarsin this network are also
referred to as the WSR-88D (Weather Surveillance Radar - 1988 Doppler). The NEXRAD network
represents a major upgrade and improvement over the aging systemsit replaced (Crum et a., 1993). The
NEXRAD network of WSR-88Ds is operated by three Federal agencies, the National Weather Service,
the Federal Aviation Administration, and the U.S. Air Force. Consequently, NEXRAD is atri-agency
cooperative effort among the Departments of Commerce, Transportation, and Defense.

The sole precipitation algorithm available on the WSR-88Ds has been the PPS (Precipitation Preprocess-
ing Subsystem), designed for rainfall but calibrated with data for tropical cumulus clouds. National
Weather Service (NWS) forecasters and others have a current need of an SAA (Snow Accumulation
Algorithm) capable of providing reasonably accurate real-time snow water equivalent (S) and snow depth
(SD) estimates based on effective reflectivity (Z,). Awareness of PPS limitations with snow led the
NEXRAD OSF (Operational Support Facility) in Norman, Oklahoma, to sponsor Reclamation (Bureau of
Reclamation) efforts to develop the SAA described by Super and Holroyd (1996, 1997, 1998).

Implementation of the SAA in the NEXRAD network is presently awaiting hardware and software
upgrades to that system. Thisreport presents the efforts supported by OSF (Operational Support

Facility) and the NOAA (National Oceanic and Atmospheric Administration) Office of Global Programs
GEWEX (Global Energy and Water Cycle Experiment) GCIP (Continental-Scale International Project) to
refine the SAA to improve its performance in avariety of challenging weather situations.

2. TASK SUMMARIES

Supplement Number 3 to the original Memorandum of Understanding (MOU) covers the period from
1 June 1998 to 1 October 1999, with afinal 2 month extension for writing thisreport. The statement of
work (dlightly reformatted for clarity) is:

The Reclamation TSC (Technical Service Center) investigations may include the following:
...examine additional data sets to optimize the Z.-S relations for regions such as Alaska and the
Sierra Nevada where the * 96/’ 97 data were very sparse;

...investigate whether at |east a seasonal average vertical profile of Z, should be used as part of a
range correction scheme;

...develop a“warning message” for the radar operators when bright band contamination appears

likely.
The work includes cooperation with OSF in atimely manner for arising questions about the SAA. Work
done under other funding (GCIP, Reclamation’ s Research and Technology Transfer Program), but related
to the SAA, was expected to be forwarded to OSF.
3. GCIP SUPPORT

3.1 A GCIP Report

Most of the SAA effort during this reporting period was done in support of NOAA’s GCIP program.
Thefollowing is an overview, based on a presentation, A Demonstration of the Operational Use of



Reclamation’s NEXRAD Snow Accumulation Algorithm for Estimating Show Water Equivalent, by Arlin
B. Super and Edmond W. Holroyd, 111, made at a GCIP conference held 17-18 May 1999, at the
University of Maryland.

The NEXRAD SAA (Snow Accumulation Algorithm) was developed for Level 1l data. It was thereby
limited in application to past events using Level |1 data tapes and to a few real-time operations at those
radar sites using the WDSS (Warning Decision Support System) computer software. Forecasters who
were fortunate to have the use of the SAA appreciated its help in understanding regional snowfalls and
were reluctant to yield the system to other users. Distribution of the algorithm to all northern (snowy)
sitesiswaiting for future improvements to the NEXRAD hardware and software systems everywhere.

In the interim, Reclamation wanted to study SAA performance in the Missouri and Mississippi River
Basins. To do so, the SAA was modified to accept Level |11 datain near real time fromaNIDS
(NEXRAD Information Dissemination System) vendor. The resolution of Level 11l dataisonly 4 or

5 dBZ, depending on volume coverage pattern, while Level |1 data are at 0.5 dBZ resolution. Angular
and range resolutions are the same, but no more than the first four tilts are available with NIDS data.
Occultation and hybrid scan adjustments and the Z_-S relation remained the same as with Level 11 data.
Use of the NIDS data did not seriously degrade the snow accumulation estimates.

During the first winter of testing, SAA accumulations (S and SD products) were provided for five radars
(Bismark, KBIS; Aberdeen, KABR; Grand Forks, KMV X; Minneapolis, KMPX, the required site; and
Duluth, KDLH). Accumulation updates were provided hourly for al five radars according to the
approximate 4 km HRAP grid specified by the National Weather Service (NWS) National Operational
Hydrol ogic Remote Sensing Center (NOHRSC), in Chanhassen, MN. A five-radar composite was also
available.

For each site, Sand SD products were made available via FTP and on the Internet for the past 1-hr, 2-hr,
3-hr, and 6-hr periods ending at the top of the hour and for fixed 6-hr and 24-hr periods. The merged
composite S and SD products were available for the past 3-hr and 6-hr periods ending at the top of the
hour and for fixed 24-hr periods. The fixed 6-hr products ended at 00, 06, 12, and 18 UTC, and the 24-hr
products ended at 12 UTC. The fixed 6-hr and 24-hr products were available for 7 days. Such products
were made available for ahalf year but were suspended in May for the warm season. To examine the
products, go to the Internet URL <http://www.usbr.gov/rsmg>, then select NEXRAD Snow Algorithm
Products.

The operational, real-time use of NIDS data revealed some areas of concern. Tuning the SAA to be most
accurate in major snowstorms has resulted in a sensitivity to virga, which was being reported at far
ranges as precipitation. Virgais recognized by rings of remote accumulations, with none at close ranges.
Techniques for excluding virga are being refined and tested (see Section 7.4).

The SAA, during a cold arctic airmass snowstorm (see Section 3.2), seriously underestimated snow
accumul ations because of the shallow nature of the storm and some microphysical considerations.

Surface observations of snowfall throughout the areas of the five radars were collected for the entire
winter, along with upper air soundings. Serious errors were produced by the network of cooperative
gages in reporting snowfall and varying exposures to the wind, resulting in noisy data. Therefore, it was
not possible to have precise surface data, especially in windy conditions, for performance verification of
the SAA. Further testing is being conducted to see if the surface data, from sites inferior to the sheltered
sites used for SAA development, are useful for verification of accumulations.



The SAA uses arange correction scheme to adjust for severe underestimation as afactor of range. A
range correction factor (see Section 5) was determined using the vertical gradient of Level I Z,and Sas
observed by the lowest 5 antennatiltsin acircle of about 35 km radius from the Minneapolis radar. The
correction factor is of the form of amultiplier factor, F = C1 + C2*R + C3*R?, for range R and empirical
coefficients C1, C2, and C3. The relation was found to work well (see Section 5.2) to about 200 km (the
beam center height above the radar is 4.1 km at 200 km, 5.1 km at 230 km) in deep storms. Beyond that
range and in shallower storms at closer range, the correction becomes inadequate as the radar beam
climbs above the precipitation and the reflectivities become less than the minimum threshold, currently
4 dBZ, making correction impossible. The range correction used for Minneapolis appeared to be
working well for al locations. A linear plot (see Section 5.4) of the ratio between the radar estimate of
precipitation and that measured by cooperative gages showed the expected scatter but no obvious range
bias. Preliminary indications from thislarge data set are that the range correction coefficients are
appropriate and not in need of adjustment.

The 5-radar composite showed that Duluth was seriously underestimating precipitation because of likely
calibration errors. Also, Bismark may have had smaller calibration errors. The composite products
showed no discontinuity along the lines of equal distance between the radars for Aberdeen, Grand Forks,
and Minneapolis.

During the winter of 1999-2000, the operational test will be continued and expanded westward to include
five WSR-88Ds near the cities of Minot, North Dakota; Rapid City, South Dakota; Glasgow, Montana;
Billings, Montana; and Great Falls, Montana.

The following default adaptable parameters are being used for the northern plains states: minimum
reflectivity = 4 dBZ, maximum reflectivity = 40 dBZ: alpha = 150, beta = 2.0, range correction factor for
R > 35 km: F = 1.04607 - 0.0029590* R + 0.0000506* R? for range R.

3.2 An Arctic Airmass Snowfall

The storm of 2-3 January 1999, at Minneapolis and Aberdeen, was during an arctic outbreak. The SAA
operating on NIDS data greatly underestimated, by afactor of about 2 or 3, the snowfall in both liquid
equivalent and depth. Our analysis contained these points:

1. Inapreliminary attempt to reduce the virga contamination, the minimum threshold had been increased
to +10 dBZ. The weak reflectivities from the arctic outbreak were thereby excluded from the
accumulations. Therefore, the minimum threshold has been changed back to +4 dBZ since mid-January
1999to produce more accurate accumulations for stormsin arctic air masses. That will increase the virga
problem, which is recognizable by aring of supposed accumulations at far ranges while there is no
accumulation near the radar.

2. The storm clouds were quite shallow, with avery steep vertical profile of reflectivity (VPR).
Depending on the depth of the precipitating clouds, even the lowest tilt beam would begin to have beam
filling problemsfairly near the radar, and would overshoot the clouds at greater ranges.

3. Rawinsonde data showed that the region for the rapidly growing dendrites (where temperatures were
-13to-17 °C and relative humidities near 100 percent) was shallow and just above the surface. So the
radar was mostly scanning above the rapid growth zone resulting in underestimation by the SAA (see
point 4 below). This explains why the radar was seeing small dBZ values and yet it was sometimes
snowing at moderate to heavy rates.



4. The SAA underestimated snow water equivalent.
The Z_-S relation used was not optimum for this
storm. Z.=50 S° would have been better and would
have tripled the snowfall. Using default adaptable
parameters (Z,=150 S*°), optimized for best overall
performance, resultsin poor SAA productsin some
cases. |If the SAA had been run on-site, the
adaptable parameters could have been changed,
depending on the storm type.

5. The default snow density (1/14) routinely used
was too great for thisstorm. SD iscalculated by
dividing S by the snow density. Swas aready
underestimated. Therefore the default density
resulted in an even greater underestimation of snow
depth. The snow density is an adaptabl e parameter
that could also have been changed if the SAA were
running on-site.

This case demonstrates that “ one size” does not fit
al. Although the SAA is producing daily and storm
totals of Swithin about 0.20 inches of quality
surface measurements according to the Level |l data
tests, the problem is that Reclamation is not
changing afew adaptable parameters as changing
conditions dictate.

Vertical profiles of reflectivity, described in Sec-
tion 7.3, for the 2 days and two radars are shown in
figure 1. Profiles were generated with the coding
presented in appendix A for the purpose of
understanding the virga problem. The left two
columns are for January 2 and 3 for KMPX, and the
right two columns are for KABR. Each column
contains 24 graphs, one per hour, with time
progressing downwards. The graph for the hour
ending at 12 UTC (near sunrise) is at the bottom.
For each graph, the vertical axisis altitude above the
radar from O to 5 km. The horizontal axisis
cumulative percent of range bins at each altitude,
generated from al available tilts of NIDS data. Far
ranges cannot contribute to the bottom of each graph
because of the beam height. The coloring, as shown
by the key, indicates the magnitude of reflectivity.

0 5 10 15 20 25 30 35 40dBZ -

The upper left graphs, for KMPX, show an apparent
virga pattern because the stormis at far ranges where
the lowest beam of the radar cannot see the lower
dtitudes. Inthe middle of the left column it is seen
that the snow, when it is close enough to be seen at

Fi
shallow snowstorm in arctic air.



the lower altitudes, is actually widespread (nearly 100 percent coverage) at the surface. Thereafter the
vertical gradient is strong and continues that way through the next day in the second column.

The storm arrived earlier at KABR and with a greater intensity (third column) but similar vertical
gradient. In the bottom part of the third column, most of the sky becomes echo free, except for the lowest
atitudes, which are sampled only close to the radar. It isnot known if that pattern represents
exceedingly shallow snow or anomal ous propagation producing ground clutter reflections during the
night hours. Near sunrise (bottom of column 3) and thereafter on the second day (right column) the
pattern appears to represent genuine shallow snow observable only close to the radar. At far ranges the
radar beam climbs above this shallow snow and fails to accurately indicate the precipitation intensity
near the surface.

When the SAA isintegrated into the WSR-88D baseline, users will be able to change adaptable
parameters as conditions change. More study is needed to optimize adaptable parameters for different
storm types.

4. ADDITIONAL Z.-S DATA SETS

4.1 Anchorage, Alaska

In Section 9.5 of Super and Holroyd (1998), we indicated the data set from Alaska was severely limited
for the 1996-97 season and could not be analyzed. We inquired at the Anchorage office about more
recent data sets. The problems continue. Available gage dataare in locations with serious radar
blockage. We cannot derive reliable alpha and beta constants for the Anchorage area without installation
of aspecial gage network, which is beyond our scope of work. In addition, not much Level 11 data has
been recorded for Anchorage during winter storms. Therefore, no Z.-Srelationship is provided for this
important climate zone.

4.2 Seattle, Washington

Work with the KATX, Seattle, Washington, radar data and gages was not completed. Preliminary
indications were that the results would be poor. KATX is at an elevation of only 181 m, which is almost
aways below the melting level. Consequently, the primary problems (Westrick et a., 1999) for the SAA
are bright band contamination and beam blockage from surrounding higher terrain. Furthermore, thereis
considerable vertical separation between the lowest unblocked radar beam and the surface where the
snow gages are located. Experience indicates that there is appreciable precipitation growth in layers
near the surface in winter orographic situations. The radar beam cannot view this growth zone in the
Cascades east of Seattle. Thereforeit is expected that avery small alphawould result.

Table 1.—Basic parameters for the California gages and the NEXRAD radar beam above each

Azim. Range Elev. Tilt Corr. Clearance
Gage site deg. km m deg. DBZ R? n Alpha Beta m
Brush Creek 46.0 31.9 1085 2.40 0 0.402 29 20.0 2.1 363
De Sabla 359.7 42.2 826 1.45 0 0.122 15 25.0 2.3 392
Camptonville 95.4 48.2 840 1.45 +3 0.081 38 10.0 2.2 560
La Porte 68.5 57.5 1518 2.40 0 0.261 66 5.0 1.9 1,123
Grizzly Ridge 59.9 94.9 2103 2.40 0 0.159 60 0.9 1.8 2,425
Lake Davis 65.7 106.8 1758 2.40 0 0.180 44 0.1 2.2 3,405
Sierraville 84.2 106.9 1516 2.40 0 0.014 27 0.5 1.8 3,649




4.3 Sierra Nevada, California

Our work has revealed that the KBBX, Bedle AFB radar site, at an elevation of 61 m, is poor with respect
to viewing precipitation development over the Sierra Nevadarange. The lowest elevation scan and even
some of the second and third el evation scans are blocked over the mountainous terrain.

All seven hourly ETI gages listed in table 1 were operated by the California Department of Water
Resources. They had load sensors with 0.04 inch (1 mm) resolution. Our best (number of hours of
unmelted snow) gage site was at La Porte, yet the gage was far below the lowest unblocked beam. A
snowhboard was observed about 0.5 km away from the La Porte site by Pete and Jim Burkholder, who
provided occasional air temperatures and remarks about the storms.

Analyses from all gages yielded small alphavalues (as shown in table 1), indicative of having the radar
beam examine light snow far above the growth zone and even farther above the surface gages. That table
lists the occultation correction (Corr.), correlation coefficient (R?) for the relation between the SAA - S
and gage values, the number of data points (n), and the clearance between the radar beam center and the
gage elevation.

For our analyses, wet snow or rain events were
excluded. It appears that the clearance between
the radar beam center and the gage elevation
strongly affects the value of alpha, as shownin
figure. 2. All seven gages are plotted, with the
. left-most point (smallest alpha) probably being
offset from the apparent linear relation by poor
dataresolution in the calculation of alpha. Asthe
] ground clearance increases, apha decreases.
. That indicates a strong vertical gradient in
1 reflectivity. In areas with strong orographic
i 2 uplift, such as the Sierra Nevadas, the greatest
growth in precipitation isin the layers of the
1 atmosphere close to the surface. Thereis,
therefore, a strong decrease in reflectivity with
100 A RRANE R B e S R atitude.
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Figure 2.—A nearly linear relation exists between the 4.4 Chicago, lllinois

logarithms of alpha and ground clearance of the radar

beam. Work by Arlin Super on the KLOT, Chicago,
Illinais, data set was not completed before his

retirement. He learned that most of the 25 gagesin the area were not adequately shielded against wind

effects. The main siting priority was to minimize vandalism damage to the gages, to the extent that gages

were sometimes put on top of buildings. Due to the poor quality of gage data, no comparisons with radar

data could be made.

4.5 Medford, Oregon

Through a different project, Hartzell and Super (2000) compared reflectivity datafrom the KMAX,
Medford, Oregon, radar to gage data. The Medford radar is sited at high elevation (2300 m) and,
therefore, overlooks low elevation precipitation. All six gagesin the study are located at elevations



lower than 1250 m. The two gages exposed to snow are of the heated tipping bucket type (known to be
inaccurate) and have no Alter shieldsto reduce wind effects. The following adaptable parameters are
being used: minimum reflectivity = 4 dBZ, maximum reflectivity = 40 dBZ: alpha = 100, beta = 2.0,
range correction factor for R > 35 km: F=1.0-0.00500 * R + 0.0001428 * R,

Analysis and verification was difficult because of mountainous terrain and other factors. However, this
SAA with the indicated range correction factor significantly improved the WSR-88D precipitation
estimates over the default Z, = 300 R* relationship. Using six gages, from 33 to 179 km range, for

26 storm day totals, the default relation yielded radar estimates of precipitation with amedian at 17 per-
cent of actual. For the same data set, the SAA with the range correction produced a median at 97 percent
of actual precipitation. Work on this Reclamation project continues, but such work was not part of this
study and is mentioned only for general interest.

5. RANGE CORRECTION

Two ways were investigated to deal with range correction. The simplest way isto make alphaafunction
of range, calibrated by precision gage data from adequately sheltered locations. Another way isto
examine the vertical profile of reflectivity or calculated S at a particular range and use the seasonal
gradient values at the first five tilts to create a range correction relationship for farther ranges. Other
empirical techniques may be applicable.

5.1 A Range-Dependent Alpha

Figure 3 shows the combined results of calculating an alphathat is range dependent. Six radars (KCLE =
Cleveland, Ohio; KMPX = Minneapolis, Minnesota; KENX = Albany, New Y ork; KFTG = Denver,
Colorado; KGJX = Grand Junction, Colorado; KBBX = Beale Air Force Base, California) are
represented and all reasonable gage

information isincluded. While betawas

fixed at 2.0 for most cases, the KBBX points b b b b
are for the alpha values with beta close to 2.0
(+ 0.3), asintable 1; the unusually small
aphavalues did not encourage greater
precision with afixed beta.

The straight lines, labeled with the radar
station identifier, are generally closefitsto
the array of points (colored triangles) for that
particular radar and its snow gage data.
However, the lines certainly do not overlap;
they are site specific.

Alpha for Beta = 2.0

The KCLE data are dominated by shallow
lake effect storms, which the radar beam
overshoots at far ranges.

Figure 3.—Plots of individual relations for the variation of alpha

. with range. The thick curved line is the VPR range correction
The KGJX and KBBX radars, at elevations used for the 1998-1999 season for the northern plains states.

differing by about 10,000 feet, look at
strongly orographic snowfalls which generate



most of their precipitation growth in the layers close to the ground. To avoid ground clutter, higher tilt
radar data had to be used. However, that overshoots the growth zone, resulting in the need for smaller
alphavalues to calcul ate the correct surface precipitation.

All these straight lines present a mathematical problem. A range correction would be the ratio of a
standard alpha, such as 150, and the alpha values along the line. The corrections would go infinite
(inverse of zero) where the lines intersect the range axis and then negative at farther ranges. Therefore,
straight lines are inappropriate for range correction, even though the lines are derived from real, precision
surface measurements. For comparison, the NIDS version of the SAA had a quadratic relationship for a
range correction factor, as described below in Section 5.2. That relation is converted to an equivalent
function of alpha varying with range and is shown as the thick curved linein figure 3. Alphais 150 until
36 km. Thereafter, alpha changes to a parabolic curve resulting in a correction factor of about 3 (alpha of
50) at 230 km. The parabolic relationship avoids infinite corrections but is a distortion of the actual
relationship.

Table 2.—Data used in the derivation of a range correction for the
Minneapolis NEXRAD radar

Tilt Meters R, km Ratio Inv.
0.50 378 35.0 1.000 1.000
1.45 958 73.4 0.890 1.124
2.40 1,538 103.7 0.780 1.282
3.35 2,117 129.5 0.670 1.493
4.30 2,696 152.4 0.560 1.786

col 1= NEXRAD antenna tilt angle - degrees - VCP21

col 2= center of beam above radar at 35 km range (meters)

col 3= range,km to 0.5 deg beam center for altitude of col 2

col 4= ratio of S to 35 km, 0.5 deg. tilt value; linear to 0.56 at 4.3 deg.
col 5= correction factor (reciprocal of col 4)

5.2 Range Correction from a Seasonal Averaged Vertical Profile of S

The range correction scheme previously devel oped for nine Minnesota snow storms of the 1996-97
winter, described by Super (1998), was revisited. All the radar data were used in new calculations with a
somewhat different Z.-S relationship discussed by Super and Holroyd (1998). The results were quite
similar, with the median vertical profile of Z, suggesting about a 20 percent decreasein Z, per kilometer
of height above the ground. Alternatively, a seasonal average or median gradient can be derived for S
rather than Z,..
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Figure 4.—A linear relation is assumed for the vertical Figure 5.—A plot of the correction factor with range,
gradient of S for the first five tilts at the 35 km range. based on the vertical gradient of S.

Table 2 presents data used in arange correction derivation based on avertical gradient of apparent S.
Listed in the first two columns are the angles for the first five tilts of the radar antenna and the altitudes
above the radar of the beam centers at arange of 35 km. The 0.5 degree beam intersects those same
altitudes at the ranges indicated in the third column. A linear vertical gradient in S was defined, based on
nine Minnesota storms. The ratio of the S aoft to that in the 0.5 degree beam at 35 kmiislisted in the
fourth column, based on a median value of 0.56 at the 4.3 degreetilt. Between the two end points, the
relation is assumed to be linear and is plotted in figure 4. Theinverse of that ratio, in the fifth column, is
the correction factor needed to convert S aloft to S near the surface (approximate elevation of the radar),
based on the vertical gradient. Figure 5 shows aplot of that correction factor against the ranges of
column 3. The parabolic fit to the five points gives the relation,

F = 1.04607 - 0.0029590* R + 0.0000506* R

for correction factor F and range R (km). That relation is being used for al radars of the northern plains
in our real-time calculations of Sfrom NIDS data. It produces a correction factor of 3.0 at 230 km range.
However, by that extreme range, the lowest radar beam is usually overshooting the clouds and no
correction is possible.

The range correction parameters were determined from quality precipitation and snow depth data from
sheltered instruments near the KMPX radar. For the 1998-1999 season, we had to rely on cooperative
observers and other volunteers to report their snow observations. None of the sites were inspected for
quality, including determining if the sites were sheltered from winds. Therefore, the snow depths from
these surface sites may be greatly distorted by drifting and scouring. The timings of the observations
were generally irregular, not at some standard number like 12:00 UTC. These must suffice because there
are no other data.



A program was written to extract S accumulations from 24-hour files generated by the SAA for pixels
directly over reported surface measurements of snow and/or snow depth. For simplicity, S was converted
to an SAA-derived SD using a snow density of 0.10. All datafrom 8 November 1998 through

27 February 1999 were examined. Table 3 indicates the number of observations.

Table 3.—Left: The numbers of simultaneous daily radar and surface measurements of SD for the various radars from November 1998
through February 1999 for three intensity thresholds. Right: The SAA/SD ratios and square of the correlation coefficient (R?)
for ratios vs range for SD>1.0 inch

Data pairs Average SAA/SD ratios, p =snow density
KBIS KABR KMVX KMPX KDLH Thresholds KBIS KABR KMVX KMPX KDLH All
288 528 235 892 621 all s, sb 1.33 1.04 1.48 1.25 1.60 1.24  ratio p=1/10
8 42 17 55 11 SD>1.0" 0.95 0.74 1.06 0.90 1.14 0.88 ratio p=1/14
2 19 5 22 3 SD>3.0" 110 0.41 0.45 0.12 0.62 014 R?

Ratios of surface measurements to 24-hour SAA accumulations for S and SD were made and plotted
against range from the radar. The S graphs for the individual radars had too few data points to be
meaningful. Plotting together all points for all radars resulted in graphs too noisy for interpretation.
Figures 6 a-e show the SAA/SD (derived/observed) ratios for the five radars along with areference line
for perfect agreement and no range distortion. The points are classified according to accumulation
thresholds. The x pointsarefor S of at least 0.10 inch or SD of at least 1.0 inch. The boxes are for SD
of at least 3.0 inches. Thereis much scatter in the five graphs, as expected for presumably unsheltered
locations and various timing offsets. Isolating the heaviest storms did not decrease the scatter.

L east squares fits (not shown) of range to the logarithm of the SAA/SD ratio confirmed nearly pure
scatter and only a slight trend for a decreasing SAA/SD ratio with range. The square of the correlation
coefficient (R?) is given as the bottom line at the right of table 3, with only 1.4 percent of the scatter
explained by range when all data are combined. The average of the logarithm of theratio is converted
back to the ratio at the right side of table 3 for two assumed snow densities, 1/10 (as plotted in figures 6a-
e) and 1/14 (closer to actual). For the lesser density, the average ratios are close to unity, indicating an
alphathat is nearly correct.

If the range correction was in significant error, then the data points should noticeably diverge from the
horizontal reference line near 230 km. There seemsto be no systematic bias with range for these data
sets. The data noise is much greater than any range effect. Therefore, thereis no justification at present
to change the range correction that was derived from vertical gradient data.

6. BRIGHT-BAND WARNING

The vertical profile of Z, can reveal bright band effects. However, at far range the effects get blended
with dry snow and light rain because of the larger vertical extent of the radar beam with range. Virga
can sometimes look like aweak bright band effect, producing a maximum in reflectivity near cloud

base. Correct identification of bright band effects needs confirmation from an outside data source.
Rawinsondes can provide the altitude of the melting level but they are often widely separated in distance
from the radars; the NEXRAD network is much denser than the rawinsonde network. Furthermore,
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Figure 6a.—The SAA/SD ratio for KBIS is mostly within a  Figure 6b.—The SAA/SD ratio for KABR shows much

factor of 2 of equivalence, with no obvious range bias. noise and little if any range bias.
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Figure 6¢c.—Most surface data for KMVX are at remote Figure 6d.—Most data for KMPX are within a factor of 3 of

ranges and show a possible offset of the ratio from unity.  unity with no obvious range bias.
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rawinsonde data are available only twice per day.
KDLH, dens.20.085 o Altitudes of the melting level can vary signi-

o >=3.0'SD ficantly in 12 hours, especially before and after
precipitating weather systems. The numerical
model (Eta, Rapid Update Cycle) can indicate the

y melting level between the rawinsonde observation
“ o times and can even identify gradients across the
field of view of aradar. However, it isbeyond
the scope of this effort to modify the SAA code to
ingest melting level data. Such is needed to
distinguish some bright band effects from other
vertical gradient reversals. However, there needs
to be caution in the use of melting level data. |
| have recently observed a case in which there was
alayer of air in a precipitating system that was
ot nearly isothermal at atemperature closeto 0 °C
o s g’ange kr:" 20 for adepth of over 1 km. Assuming a bright band
' of only afew hundreds of meters depth based on
Figure 6e.—The light precipitation data are offset from derived melting level datawould be unreliablein
unity in the opposite direction from the few heavier data such asituation. Therefore, abright band
for KDLH. warning could not be provided without further
study.
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7. ADDITIONAL EFFORTS

7.1 SAA Code Adjustments

In early November 1998, a bug was reported in the NOSPIKES subroutine. Reclamation determined
that the bug existed in all previous versions of the SAA. The bug was activated when a pixel had a
reflectivity exceeding the upper threshold (40 dBZ) and all 8 adjacent pixels had no detectable echo.
Such isavery rare occurrence. The coding was changed to prevent an ALOG10 of numbers less than or
equal to zero.

Coding was further changed to avoid Y 2K problems.

Additional coding modifications, shown in the appendices, were created for experimental investigations.
Appendix A presents coding modifications to the SAA to make the vertical profile graphs as shown in
figures1 and 7. Appendix B presents a stand-alone program to add many days of SAA output (*.STP
files) to show blemishes in the hybrid scan and occultation files. Appendix C presents coding modifi-
cations to the SAA to attempt virgaremoval from the SAA products. The coding of appendices A and C
has not been incorporated into the operational versions of the SAA.

7.2 Support Code Development

A separate program (RESIDUAL.FOR, presented in appendix B) was written to ingest many days of

daily total (*.STP) filesof S accumulationsin order to identify residual ground clutter returns or bins
overcorrected for clutter. The daily files were partitioned, by the number of radar bins with non-zero
accumulations, into three categories of snow fall that might be termed trace-light, moderate, and wide

12



spread. The trace-light results were good for

DLH

1 wioess  identifying unsuppressed ground clutter. The
RN RPN - wide spread results identified pixels of decreased
- b accumulations having excessive suppression
‘ (“holes’ in pattern) and occultation problems
£ - (radial bands, seen at the top of figure 8). The

ST o b
» " ASCII formatted hybrid scan file could then be
edited by hand to correct the problems. Pro-
cedures for hand editing of the occultation file
have not been devel oped.
: It was also noticed that “ accumulations”
LA ARl : sometimes had anomal ous propagation (AP)

: - during clear weather. Protection against AP,
present in the PPS (Precipitation Preprocessing
i f Subsystem), is not used in the SAA because AP is

~ rarely aproblem during snow events.

“““““

7.3 Vertical Profile of Reflectivity

Arlin Super, the former manager of the project,
and | have repeatedly expressed our opinion that
amajor contribution to the SAA would be to take
5 : into account the vertical profile of reflectivity or
el S - of precipitation. However, it was never in

5 Reclamation’ s scope of work to do so, even
though many of our studies documented the need.
To study the virga contamination problem, an
: experimental SAA supplement was devel oped to
““““ visualize the VPR. The coding changes are

: presented in appendix A. For each hour, the

algorithm accumulates (at 0.1 km vertical
resolution, 0 to 5 kmin atitude above the radar) a
cumul ative percent of observed reflectivities at
5 dBZ resolution. The output isasimple 8-bit
array which must be imported into separate image
processing software and annotated there.

th

““““““““

“““““

““““““““

““““

““““““

Figures 7 a-e give vertical profile examples, in
the same style asfigure 1, for 10, 11, 16, 18, and
19, November 1998, for five radarsin the
Dakotas and Minnesota. From left to right, they are KBIS, KABR, KMV X, KMPX, KDLH. On 10-11
November, alarge snow storm affected the region, moving in from the southwest. Figure 7a shows
profiles with strong vertical gradients, with strongest reflectivities near the ground, for KBIS and KABR
on 10 November 1998. The other three radars show virga as the storm nears, later transforming to the
precipitation gradient. KMPX and KDLH show some bright band effects at the top of figure 7b. The
end of the storm on the 11th shows a transition to shallow echoes.

Figure 7a.—Vertical profiles for 10 November 1998.
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The profilesfor 16 November 1998, in figure 7c, show a period of virgaat KBIS and KABR that covers
only aminor portion of the radar view. The KMPX pattern indicates almost total virga; only trace
amounts reach the surface. KMV X and KDLH start as virga and change to a precipitation gradient
(increasing downward) before becoming weak echoes covering only minor portions of the radar view.

Figures 7d-e show that the storm of 18-19 November 1998, startsasvirga at al five radars. Towards the
end of the 18th, there is precipitation to the ground at the three more northern radars, KBIS, KMV X, and
KDLH. On the 19" precipitation reaches the ground at all radars. KBIS changes to virga, as does KABR
at the very end. At KDLH and KMPX the precipitation weakensto very light and scattered
accumulations.

Our opinions about VPR were verified at the 11 June 1999 QPE workshop in Reno, Nevada. A
presentation was made, based on a paper proposed by Dong-Jun Seo, J. Breidenbach, R. Fulton, D.
Miller, and T. O’ Bannon, that showed the utility of a VPR correction. The cases presented showed
strong bright band effects, which were removed by the algorithm. Their algorithm appeared to be
superior to what we had been considering for testing. Their algorithm would not only correct for bright
band (warnings and corrections) but also correct for virga and underestimation with range. It appears
that work should continue on efforts to incorporate the use of the VPR into the SAA.

The vertical profile graphs presented here (figures 1 and 7 a-€) could be the basis for asimpler VPR
analysis, and therefore, the coding for generating them is presented in appendix A. It may be possible to
analyze these hourly graphs within the SAA and generate decisions about virga presence, bright band
presence, and the vertical profile of reflectivity. The latter might feed into arange correction scheme.
These goals are beyond the scope of this project but could be investigated in the future.

7.4 Virga Removal

«\

In addition to the vertical profile graphs, virga can
be seen as echoes at far range, typically in apartial
to full ring around the radar, with nothing at close
range. Figure 8 gives an example of virga
contamination on a 24-hr SAA product for

18 November, 1998, for KMPX. Virga produced
rings of accumulation around the edges of the view
while there was nothing accumulated at close
ranges. The range correction (afactor of
3increase at 230 km) accentuated the edge values.
For major storms, the range correction appeared to
be correct (see discussion for figures 6 a-€) out to
far ranges, beyond ranges for which it was
calibrated. Eliminating range correction was unac- KMPX
ceptable for major storms. Without range ending
correction, accumulations decreased markedly with 4g Noy. 1998 12
range, producing a bull’ s eye pattern around the

radar. Figure 8.—Virga creates a donut pattern around the radar
in the SAA products.

virga pattemn
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Increasing the minimum reflectivity threshold (DBZMIN) from 4 to 15 or 20 dBZ reduced much of the
real precipitation yet did not fully solve the virga problem in the test cases, such as 18 November 1998 at
KMPX. For several weeks, Reclamation used 10 dBZ, but that was too large for the arctic storm of 2-3
January 1999 (see section 3.2). In mid-January, DBZMIN was reset to 4 dBZ, the minimum threshold
available in the NIDS data in clear air mode.

The profile diagrams provided an insight to the solution of the virga problem. A virga sensing cylindrical
volume was defined in a new set of adaptable parameters: TOPIN, the top height - default 1.5 km above
the radar; BOTIN, the bottom height - default 0.2 km above the radar; INSIDE, range - default 100 km;
and FRACTION - default 0.05. The SAA operates normally throughout ranges out to the INSIDE range.
When the fraction of radar bins within the cylinder, having areflectivity of at least DBZMIN, is at least
FRACTION, the SAA also accumulates S beyond the INSIDE range and applies the range correction
there. Otherwise, beyond INSIDE, the SAA ignores all reflectivities. If the echoes cannot get down
below the TOPIN altitude, it is likely that measurable snow is not be reaching the ground. This
procedure may result in a sharp discontinuity in the S and SD products at the INSIDE range. Such a
discontinuity should alert an analyst that virga was involved and that the results at farther range may be
unreliable.

After the precipitation coverage within the cylinder has decreased to less than FRACTION, accu-
mulations (with range correction) are allowed at ranges greater than INSIDE for atime, DURATION.
Storms moving away from the radar can thereby continue to contribute to accumulations at ranges
beyond INSIDE. No valueis suggested for DURATION, although avalue of 1 to 3 hoursis reasonable.
It is not possible to use the HINDSITE file to recover past potential accumulations for asimilar time
before the first qualification because that file contains only accumulations, not reflectivities.

The virga sensing cylinder was used on both intense storms and obvious virga for some November storms
at KABR, KMV X, and KMPX. The suggested values (with DURATION = 0.0) produced no obvious
change to major accumulations of snow over 24-hour periods. Virgawas essentially eliminated in the
other cases. There may be cases in which some far-range virga may be integrated because there are some
real precipitating echoes within the qualifying cylinder. Such will often be detectable by a discontinuity
in the accumulations at the range INSIDE. Therefore the algorithm change is not perfect. The coding
has not been added to either version (Level |1 or Level 111 - NIDS) of the operational SAA because
further testing (of this virga sensing cylinder and perhaps alternate schemes) should be pursued. The
coding changes are given in Appendix C.

7.5 Reports and Publications

Arlin Super and | wrote a paper about the SAA, but it was not accepted for publication. It was patterned
after the PPS Algorithm paper published by Fulton et al. (1998), and it was submitted to the same journal
for publication. However, all three of the journa’s reviewers wanted a different style, not a companion
paper. Furthermore, they wanted a major evaluation program to justify the accuracy of the SAA, not
recognizing that we were indeed presenting such calibrations from field studies at Denver, Albany,
Cleveland, and Minneapolis. We expressed our regrets and did not revise our work.

Our SAA work was reported at a GCIP meeting at the University of Maryland (17-18 May 1999) and at
QPE Workshops in Boulder, Colorado (14 April 1999), and Reno, Nevada (11 June 1999).
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8. SUMMARY AND DISCUSSION

This extension of the previous work for the OSF produced a different style of field testing of the SAA
under the GCIP program. The agorithm was modified to accept Level |11 datafrom NIDS providersin
near real time for a series of five radars across the Dakotas and Minnesota. Products were provided via
the Internet in the 4-km HRAP grid so as to be useful for forecast groups. Accumulations of Sand SD
were produced for avariety of timeintervals up to 24-hours, ending at 12 UTC each day. The products
of the five radars were combined in a mosaic to show regional accumulations.

Working with the NIDS data was generally successful. The mosaic process indicated that one or two
radars appeared to be calibrated differently from the others, as shown by S and SD discontinuities across
lines equidistant between the radars.

Virgawas apersistent problem. An experimental procedure eliminated most virga without sacrificing
the reliability of the algorithm in widespread, intense storms. That algorithm still needs further testing
and adjustment before becoming part of the operational version of the SAA.

The SAA failed to match surface observations during a snowstormin arctic air. An analysisindicated
that the storm was shallow and had temperatures in the dendritic growth band for snow crystals. The
radar beam generally was above the clouds, missing the rapid crystal growth close to the ground.
Furthermore, dendritic crystals have the least density as snow on the ground. A changein afew
adaptable parameters could have remedied the problem, but such was not possible in the routine
production of products from the NIDS data stream.

Though desired in the specifications for tasks, it was not possible to derive local parameters of alpha and
betafor radarsin Alaska, Washington, and Illinois. There was insufficient quality data for those sites.
Analyses of the California (Sierra Nevada) data indicated that the radar beam was far above the snow
growth zones, which resulted in small apha values.

A separate program was written to combine many days of SAA filesto produce composite accumulations
for three partitions of area coverage: scattered, moderate, and widespread. The output gave guidance for
adjusting the hybrid scan file for inadequate or excessive suppression of clutter. The same products
using widespread storm data could be useful in determining adjustments in the occultation correction file.

As part of the virgainvestigations, experimental coding was produced to generate images of the vertical
profile of reflectivities. The images gave insights into the changing vertical structure of the storms. Parts
of the code could be used for producing a better algorithm that is sensitive to vertical gradients. Thereis
potential for better performance with virga and bright band events and for a better range correction
scheme.

In general, this extension of effort has shown that the original SAA tends to be robust in an operational
mode. Therefore, no major modifications to the operational versions of the SAA were made. There are
lingering blemishes to work on, such as virga and bright band effects, but for now, forecasters can be
alerted to their effects by the natures of the patterns (rings and intense gradients) in the SAA output.
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APPENDIX A. TEMPORARY CODING TO
CREATE VERTICAL PROFILE GRAPHS

In an effort to understand the variations in the vertical profile of reflectivity as a storm passes through an
area, changing from virgato precipitation to virga, RADAR11.FOR was modified with additional coding,
presented below. (The line numbers are from the experimental version of the program, but enough
neighboring statements are included for location. All extralines are commented out and many are
identified with a $$$ identifier.)

(the following lines through 658 are fromthe nmai n PROGRAM RADAR11)
(l'ines 50-52)

C 98/12 Ed: Tenporary vertical profile of reflectivity for virga study.
C All commented out. Can find it by |ooking for $$$ on single lines and
C within the PRCOFILE subroutine.

(l'ines 137-139)

C COVMON PROF/ NSUM 101, 41), NTOT(101), LI NE(208) , | MAG( 108, 208) ! $$$

C BYTE LINE, | MAG | $$%
COMMON RADI AL/ VAL(6), NUM 20), DBZ(O:459), |FLAG

—~

lines 210-212)

C OPEN( 1, FI LE=" PROFI LE. BYT' , STATUS=" UNKNOMWN , FORM=' UNFORVATTED ) | $3$3$
C CALL PROFINIT ! to initialize profile suns and i mage $$%

CALL STARTUP

(l'ines 336-339)

* 22 Vol -scan starts were accepted.
C CALL PROFDUWP ! $$$ and PROFINIT as well to output, initialize inmage
STOP ’ (passing wanted end file)’
ENDI F

(l'ines 656-658)

CALL OCCULT Il apply occult corrections
CALL NOSPI KES 'l try removing lingering clutter & blem shes
C CALL PROFILE ! $$$ to make vertical profile inmage; tenporary

—~

lines 1767-1864)

SUBROUTI NE PROFILE ! $$$ and foll owing to END statenent
makes an image of the vertical profile of reflectivity, contoured by
frequency of dBZ values at each height to 5.0 km
COMMON/ ANGLES/ AZT(4,370), ELT(4), SECELT(4), JAT(4), TILTLAST
COWON CLOCK/ | DATE, | TIME, KDATE, KTIME, NDATE, MII ME,
, | DAT1, ITIML, ITIM, |ITIMC
COVMON/ PROF/ NSUN( 101, 41) NTOT(101), LI NE(208), | MAG( 108, 208) ! $%$%
BYTE LI NE, | MAG ! $
COVMON STORE/ NDO5( 370, 230), ND15(370,230), ND25(370, 230),
. ND35(370, 230), NDN(5)
I NTEGER*2 NDO5, ND15, ND25, ND35, NDN5( 370, 920)
EQUI VALENCE ( NDO5, NDN5)
cal cul ates altitude, kmnsl, of radar beamfromrange, R elevation, E
BEAMHT( R, E) =R* SI ND( E) +5. 8869E- 5* R* R* COSD( E) * COSD( E)
SI ND( A) =SI N( A*. 017453293)
COSD( A) =COS( A*. 017453293)
Sumthe reflectivity occurances
DO 40 N=1,4 !! tilt |oop
DO 35 L=3,230 !! range |oop
Z=BEAVHT( FLOAT( L), ELT(N))
| Z=1+NI NT( 20. *2)

IF(1Z. LE.101) THEN ! 5.0 k imt for elevation consideration

mli
DO 30 M=1, JAT(N) !! azimuth | oop
Convert biased reflectivity to dBZ
DBz = (NDBZ -2)/2-32 was expectation, but Ra changed it:
| D=1+( NDN5( M L+NDN(N) ) - 2) / 2- 32

then dBz = (LV2128-8448)/256 el sewhere
| D=1+( NDN5( M L+NDN( N) ) - 8448) / 256
IF(ID. LT.1)1D=1
IF I D. GT.41) | D=41
NSUM | Z, | D) =NSUM | Z, | D) +1

0000 NN0N000000N000NNN0000000NON0O
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NTOT( | Z) =NTOT( | Z) +1

30 CONTI NUE 'l ‘azimuth loop, M
ENDIF ! elevation limt test

35 CONTI NUE I'l range loop, L

40 CONTI NUE ' tilt loop, N
RETURN

Qut put i nage

ENTRY PROFDUMP
Label the graph

| YR=I DATE/ 10000

I MVAG( 1, 1) =l YR/ 100

I MAG( 1, 2) =MOD( | YR, 100)

I MAG( 1, 3) :NDD(l DATE/ 100, 100)

I MAG( 1, 4):NOD( DATE, 100)

I MAG( 1, 6) =I TI ME/ 10000

I MAG( 1, 7) =MOD( | TI ME/ 100, 100)

Fill the graph

DO 60 J=1,108 ! lines and heights

IF(J.GE.5. AND. J. LE. 105) THEN ! in graph interior
1 Z=106-J ! reverse order, prints fromtop to bottomin altitude
KSUM=0
LASTK=4

DO 45 1D=41,1,-1
KSUMEKSUMENSUM | Z, I D) ! cunul ative sum
NK=4
I F(NTOT(1 2) . GT. 0)
+ NK=4+NI NT(200. * ( FLOAT( KSUM / FLOAT(NTOT(12Z)))) ! cunul ative percent *2
| F(NK. GT. 204) NK=204 ! protection against array overfl ow
| F(LASTK. LT. NK) THEN
DO 42 | =LASTK+1, NK

42 IMAG(J,1)=ID-1 ! wite dBZ values into imge
LASTK=NK
ENDI F

45  CONTINUE ! dBZ loop, ID
ENDI F ! graph interior test
Qut put the graph
DO 55 1=1,208 ! col ums
55 LI NE(I)=I MAG(J, I)
60 WRI TE(1)LINE

Initialize sums
ENTRY PROFINIT
DO 62 |Z=1, 101
DO 61 | D=1, 41
61 NSUM | Z, 1 D) =0
62 NTOT(I|2Z)=0
Initialize upper and | ower inage edges
DO 65 J=1,4 ! lines
DO 63 1=1,208 ! col ums
| MAG(104+J, 1) =-1
63 | MAG J,1)=-11 or 255 white
DO 64 |=5, 205, 20
| MAG(104+J3,1)=50 ! will color black
64 | MAG J,1)=50 ! cunul ative percent tics at 10%intervals
65 CONTINUE ! then upper and | ower edges finished
Initialize side i mage edges
DO 68 1=1,4 ! colums

DO 66 J=5,104 ! lines
| MAG(J, | +204) =- 1
66 | MAG I )=-1I or 255 white

,I+204) =50 ! will color black

D000 O00O00O0ONOODO00O0ONOOO0ONOOOONOODO00O0D0O00000O00O0O0ONOOOOO00ONONNOOOOOO

67 | MAG(J, | )=50 ! elevation tics at 0.5 kmintervals
68 CONTINUE ! then right and |left edges finished

RETURN

END ! $$$ end of tenporary addition

(lines 2091-2098, in SUBROUTI NE HI NDSUM
IF (0.LT.1 TOP) CALL TOPHOUR !! if doing any top-of-hour files
C CALL PROFDUWMP ! $%$$ and PROFINIT as well to output, initialize inmge
ENDI F
| YVMDHB4 = NDATSTRT* 100+NEWHR
I'F (0.LT.1 ENDSUM RETURN Il special HENDSUM call at end
ENDI F
C update the stormand 3-hr and 1-hr totals
DO 25 M-1, 360 I'l azimuth | oop
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APPENDIX B. RESIDUAL GROUND CLUTTER AND
OCCULTATION BLEMISHES

The following FORTRAN code provides an aid for hand modification of the hybrid scan and possibly the
occultation files. The program reads from alist of * .STP files (daily storm totals) that is created by a
sorted directory listing written to afile. It then opens each *.STP file and determines the number of
range bins with non-zero values. The operator selects a classification criterion: 1 = 0 to 20,000 bins
(scattered precipitation), 2 = 20,000 to 50,000 bins (moderate precipitation) , 3 = 50,000 to 82,800 bins
(widespread precipitation), or 4 = any number of bins. If the *.STP file matches the selected criterion,
then for each bin the program determines the count of non-zero daily totals, the mean and standard
deviation of the totals, and the minimum and maximum values. Those numbers are output to an I*2 array
for examination in an image processor.

Examination of the resulting images can reveal bins that are almost always non-zero, even in clear air;
bins that are excessively suppressed in widespread precipitation; and radial s that have uncorrected
occultation. The hybrid scan file can be edited to rise higher above residual ground clutter or sink lower
above “holes’ in the*.STP output. New SAA products with the corrected hybrid scan file can be run
through this program to note any improvements or degradations.

A procedure for adjusting the occultation file, based on radials that are significantly less than their
neighbors, was pondered but not created. While the amount of correction needed at far ranges can be
calculated, it is difficult to note the range at which the correction should begin.

$debug
PROGRAM RESI DUAL

C Adds up many days of radar *.STP files for a radar site. Counts nunber
C of non-zero days at each radar bin, average of non-zero precip and
C standard deviation, mninmm and maxi mrum val ues. The results should give
C guidance on reducing residual ground clutter. There nay al so be hel ps
C for adjusting the occultation file.
C Wites image array of 1800 lines by 232 |*2 columms. The final two
C colums give the partition style, as does a digit in the file name.
C Updated 23 March 1999 by Ed Hol royd
| NTEGER*1 LN(460)
I NTEGER*2 LI NE(230)
EQUI VALENCE (LN, LI NE)
CHARACTER NSTA*3, LI STFI LE*12, | NFI LE* 12, QUTFI LE* 12, QUTFI LEO*12( 4)
+, My*1
COVMON SUMS/ SX( 360, 230), SX2( 360, 230) , NX( 360, 230) , M NX( 360, 230)
+, MAXX( 360, 230)
I NTEGER*2 NX
DATA LI STFILE/ " printer.NNN '/
DATA QUTFI LEO/ " sunmmary1. NNN' , ' sunmary2. NNN' , " sunmar y3. NNN
+,” summar y4. NNN' /
C

10 WRITE(6,*)’ Type 3 letter station nane’
READ( 5, 11) NSTA
11 FORMAT( A3)
LI STFI LE(9: 11) =NSTA
OPEN( 1, FI LE=LI STFI LE, STATUS=" OLD )
C initialize sums, extrenes
DO 12 L=1, 360
DO 12 KM-1, 230
SX(L, KM =0.
SX2(L, KM =0.
NX( L, KM =0.
M NX( L, KM =100000
MAXX( L, KM =0

C select partition style
WRI TE( 6, 13)
13 FORMAT(’ Which partition style for echo coverage:’/
+, "1 =0 to 20,000 bins (scattered)’/
+, 2 20,000 to 50,000 bins (noderate)’/
+, ' 3 = 50,000 to 82,800 bins (w despread)’/
+, "4 =all")
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5, *)1P
QUTFI LE=OUTFI LEO( | P)
OUTFI LE( 10: 12) =NSTA
OPEN( 3, FI LE=QUTFI LE, STATUS=" UNKNOWN' , RECL=464, FORM=" UNFORVATTED
+, ACCESS=" DI RECT")
REW ND 1
C date recycle point
15 READ(1, 16, ERR=50) | NFI LE
16 FORMAT( 39X, A12)
WRI TE( 6, *) | NFI LE, | P
CLCSE (2)
OPEN( 2, FI LE=I NFI LE, STATUS=" OLD , RECL=460, FORM=" UNFORVATTED
+, | OSTAT=Il ER, ACCESS=" DI RECT" )
I F(1 ER NE. O) WRI TE(6, *) | ER, ' : can not open ', |NFlLE
C initial scan for echo coverage
JP=4
I F(I P. LT. 4) THEN
KNT=0
DO 18 L=1, 360
READ( 2, REC-L, ERR=15) LN ! entire radi al
DO 18 KM-1, 230
K=2* KM 1
L1=LN(K)
| F(L1.LT.0)L1=L1+256
L2=LN( K+1)
| F(L2. LT. 0) L2=L2+256
LI N=L1*256+L2 ! reverse byte order
| F(LI N. GT. 0) KNT=KNT+1
18 CONTI NUE
| F(KNT. LT. 20000) JP=1
| F( KNT. GE. 20000. AND. KNT. LT. 50000) JP=2
| F( KNT. GE. 50000) JP=3
ENDIF ! for coverage partitioning
IF(JP.NE. I P)GOTO 15 | for a different date; wong partition
C get precip echo characteristics
DO 30 L=1, 360
READ( 2, REC=L, ERR=15) LN ! entire radi al
DO 20 KMF1, 230 ! ranges
K=2* KM 1
L1=LN(K)
I F(L1. LT. 0) L1=L1+256
L2=LN( K+1)
I F(L2. LT. 0) L2=L2+256
LI N=L1*256+L2 ! reverse byte order
I F(LI N. EQ 0) M NX( L, KM =0
| F(LI N. GT. 0) THEN
X=LIN
SX(L, KM =SX(L, KM +X ! sum of non-zero val ues
SX2(L, KM =SX2(L, KM +X*X | sum of squares
NX( L, KM =NX( L, KM) +1
M NX( L, KM =M NO(M NX( L, KM, LI N)
MAXX( L, KM =MAXO( MAXX( L, KM, LI N)
ENDI F
20 CONTINUE ! range | oop
30 CONTINUE ! azinuth | oop
GOTO 15 ! for another date
C summary after last file
50 DO 59 L=1, 360
DO 58 KM1, 230
58 LI NE(KM =NX(L,KM ! counts
59 WRI TE( 3, REC=L) LI NE, JP
DO 53 L=1, 360
DO 52 KMr1, 230
52 LI NE(KM) =M NX(L, KM ! nininma
53 WRI TE( 3, REC=360+L) LI NE, JP
DO 56 L=1, 360
DO 55 KM-1, 230
55 LI NE( KM =MAXX(L, KM | maxi m
56 WRI TE( 3, REC=720+L) LI NE, JP
DO 62 L=1, 360
DO 61 KM1, 230
AVE=0.
I F(NX(L, KM . GT. 0) AVE=SX( L, KM/ FLOAT(NX(L, KM )
61 LI NE(KM =AVE ! averages
62 WRI TE( 3, REC=1080+L) LI NE, JP
DO 65 L=1, 360
DO 64 KM1, 230
STD=0.
I F(NX(L, KM . GT. 1) THEN
S=SX(L, KM
S2=SX2(L, KM
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T=NX(L, KM
STD=SQRT((S2-S*S/IT)/(T-1.))
ENDI F
64 LINE(KM=STD ! standard devi ations
65 WRI TE( 3, REC=1440+L) LI NE, JP
WRI TE(6,*)’ Do you want another station or partition?
READ( 5, 71) MY
71 FORMAT( A1)
IF(MY.EQ "Y' .OR MY. EQ 'y’ ) THEN
CLOSE (3
GOTO 10 ! for next station
ENDI F
WRI TE(6,*)’ Normal stop’
STOP
END
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APPENDIX C. TEMPORARY CODING TO REMOVE
VIRGA FROM SAA PRODUCTS

In an effort to remove virga from SAA products, RADAR11.FOR was modified with additional coding,
presented below. (The line numbers are from the experimental version of the program, but enough
neighboring statements are included for location to show the context so that such lines can be inserted in
the correct locations. All extralines are identified with a @@@ identifier. Some linesdeal only with a
simple range restriction.)

(lines 52-60, main program conments section)

98/12 Ed: Range limt added, reducing view from 230 to perhaps 200 km
Look for

98/ 12 Ed: Virga restrictions added to /RESTRICT/, also noted with Q@@
If there is enough precip within the "virga box" (shallow disc close to
ground and at relatively near range) then range correction is applied
beyond the box edge. Oherw se the echoes are not boosted out there and
their contributions are greatly reduced. That will let intense echoes
contribute sonmewhat to the precip accunul ati on, but virga contributions
shoul d be mininmized. A discontinuity may be seen where confidence drops.

000000000

( SUBROQUTI NE STARTUP: |ines 693-703)

C /| RESTRI CT/ variables for virga reductions: @
C LI M TVUE I*4 Maxi mum range for precip accunul ations @
C I NSI DE I1*4 Range within which significant echo nust occur [@27)
C TOPI N R*4 Altitude (km above radar for top of qualifying box @@@
C BOTIN R*4 Altitude (km above radar for bottom of qualif. box @@@
C | NSUM |*4 Range bin count of echoes >=10 dBZ within box @
C I NTOT I*4 Range bin count of all data within qualifying box oo
C | NFLAG I*4 0, else 1 if enough bright echoes inside box

C | NQUALI F I1*4 Last qualifying time, hhmss @
C DURATI ON R*4 Duration, fract. hrs, allowed since |ast | NFLAG-1 [@22)
C FRACTI ON R4 Qualifying fraction, INSUMINTOI, to set |NFLAG (@23

(SUBRQUTI NE STARTUP: |ines 710-711)

COVMON RESTRI CT/ LI M TVUE, | NSI DE, TOPI N, BOTI N, | NSUM | NTOT, | NFLAG ! @&@

, | NQUALI F, DURATI ON, FRACTI ON | @@
( SUBRQUTI NE STARTUP: |ines 721-729)

DATA LI M TVUE/ 200/ ! range, km for limt of precip accunul ation @

DATA INSIDE /125/ ! range, km for edge of virga box (@23

DATA TOPIN /1.5/ ! altitude, km for top of virga box @

DATA BOTIN /0.5/ ! altitude, km for bottom of virga box

DATA DURATION/ 1.0/ ! elapsed tine fromlast qualifying virga in box@a®

DATA FRACTION/ .05/ ! qualifying fraction of precip bins in box

DATA | NFLAG /0/ ! qualifying flag, 0 or 1 @
DATA | NQUALI F/-200000/ ! fictitious clock tine @
DATA I NSUM I NTOT/2*0/ ! initial sums @

(SUBROUTI NE STARTUP: |ines 805-822, note the new |list of paraneters)

Cread in SAA adaptation data (only those used by snow al gorithm

READ( 2, *, | OSTAT=I ER) CZM Z-S mult. coef. for snow, 150.
IF (I ER NE. 0) READ(2,*) CZM "lfwasacolurmheadingline
READ( 2, *) CZP 'l Z-S power coef. for snow, 2.0

READ( 2, *) MAXSPEKL 'l dBZ*2 noise tol er ance, else O

READ( 2, *) MAXNO SE | percent precip noise tolerance, else 0
WRI TE(6, " (15, "=MAXSPEKL, ", 15,"=MAXNO SE") ') MAXSPEKL, MAXNO SE
READ( 2, *) DBZM N I'l trace snow threshold (dBz), 10.
READ( 2, *) DBZMAX I'l outlier bin threshold (dBz), 40.
READ( 2, *) LIM TVUE I'l range beyond which data are not trusted @a@
READ( 2, *) | NSI DE Il range edge for virga box @oo
1
I
1
I

READ( 2, *) TOPI N altitude, km of top of virga box oo
READ( 2, *) BOTI N altitude, km of bottom of virga box @

READ( 2, *) DURATI ON duration, frac.hr., after last qualify oo
READ( 2, *) FRACTI ON fraction of range bins with precip in box@a@
READ( 2, *, | GSTAT=I ER) KLEAIR

C1 (0) if (not) restricting accum to VCP 11 & 21
CLOSE( 2)

( SUBRQUTI NE HI NDZERO: |ines 947-948)
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COVMON RESTRI CT/ LI M TVUE, | NSI DE, TOPI N, BOTI N, | NSUM | NTOT, | NFLAG, | @@@
, I NQUALI F, DURATI ON, FRACTI ON | oo

( SUBROUTI NE HI NDZERG: |ines 970-973)
DO 10 L=1, 230
PTOT(L) = 0 !! zero the precip total at all ranges
I F(L. GT. LI M TVUE) PTOT(L)=-1 ! no confidence in results @a@
10 CONTI NUE
( SUBROUTI NE NOSPI KES: |ines 1586-1587)

COVMON RESTRI CT/ LI M TVUE, | NSI DE, TOPI N, BOTI N, | NSUM | NTOT, | NFLAG, | @@@
, I NQUALI F, DURATI ON, FRACTI ON | coo

( SUBROUTI NE NOSPI KES: |ines 1606-1608, top of executabl es)

C Set virga detection paraneters @R
I NSUMEO ! @@
I NTOT=0 | @@

( SUBROQUTI NE NOSPI KES: |ines 1616-1629)

DO 80 N-=1, 4 Il step thru all four tilts (if present)
IF (JAT(N). EQ 0) GOTO 80 Il skipif no data for tilt N
C Do a virga check @
DO 5 IBIN=2,INSIDE !! for nearly all bins within virga box oo
Z=BEAVHT( FLOAT(I BI N), ELT(N)) [@22)
IF(ZGEBOTINANDZLE TODIN)THENI i nsi de virga box oo
DO 3 M1, JAT(N) all azinmuths at tilt N [@27)
I NTOT=I NTOT+1 ! sum al | bins in box oo
NDBZ = NDN5( M | Bl N+NDN( N) ) I get bin reflectivity oo
I'F (1 SHFT(NDBZ, - 7). GE.NM N) | NSUM=EI NSUMFL ! sum preci p bins oo
3 CONTI NUE ! end of azimuth | oop @
ENDIF ! altitude limt check oo
5 CONTI NUE ! end of range | oop @

C lsolation testing

( SUBRQUTI NE NCSPI KES: | ines 1755-1765)

80 CONTI NUE 'l tilt loop, N

C Eval uate virga box contents @
I F(I NTOT. GT. 0) THEN (NG 2)
F=FLOAT(I NSUM / FLOAT(I NTOT) ! fraction of precip echoes in box @@
| F(F. GE. FRACTI ON) THEN ! found precip within virga box oo
I NFLAG=1 | @g@
| NQUALI F=I ENDSCAN ! end tine of this volune scan @
ENDI F ! qualifying test oo
ENDI F ! zero-divide protection oo

RETURN

END

( SUBRQUTI NE PRECI P: |ines 1874-1886)

C / RESTRI CT/ variables for virga reductions: @
C LIM TVUE I *4  Maxi mum range for precip accunul ations oo
C I NSI DE I*4 Range within which significant echo nust occur oo
C TOPIN R*4 Altitude (km above radar for top of qualifying box @@@
C BOTIN R*4 Altitude (km above radar for bottomof qualif. box @@@
C | NSUM I*4 Range bin count of echoes >=10 dBZ w t hi n box @
C | NTOT I*4 Range bin count of all data within qualifying box @
C I NFLAG I*4 0, else 1 if enough precip echoes inside box (@)
C | NQUALI F I*4 Last qualifying tinme, hhmmss @
C DURATI ON R4 Duration, fract. hrs, allowed since |last | NFLAG=1 @
C FRACTI ON R*4 Qualifying fraction, INSUMINTOT, to set |NFLAG @
COVMON RESTRI CT/ LI M TVUE, | NSI DE, TOPI N, BOTI N, | NSUM | NTOT, | NFLAG ! @&@

, | NQUALI F, DURATI ON, FRACTI ON (NG 2)

( SUBROUTI NE PRECI P: |ines 1933-1939)

CALL TI MESPAN(JTI MSTRT, JDATSTRT, JTI MSTOP, JDATSTOP, SPANT) ! tine period
C Test elapsed tine for last non-virga in virga box @

VO = | HVB2S( | NQUALI F) / 3600. Il last tine | NFLAG set @
VT=T2-VO ! fractional hours @
I F(VT. LT. 0) VT=VT+24. | @

I F(VT. GT. DURATI ON) | NFLAG=0 ! no precip in virga box; stop accum @@
C increnment volune scan index: IVSis 0 to 39

( SUBRQUTI NE PRECI P: |ines 1968-1987)

C calcul ate precipitation contribution, IP
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C DO 30 L=4, 230 ! radius |oop; avoid first 3 (was 2) kmfrom radar
DO 30 L=4,LIMTVUE ! radius |oop; avoid first 3 (was 2) kmfromradar @a@

IP =0 11 97/9 -Ra: Dr. Super said for nids change from L=3, 230
N = HYBRD(L)
IF (JAN(N).EQ -99.) GOTO 29 !! skip vacant azi muths

C next line would be .GI.1 but Ra scaled *128 for fine adjustment
I'F (NDN5(JAN(N), L+NDN(N) ). GT. 128 . AND. L. LE. NDN( N+1) - NDN( N) )
, I P = RATE TABLE(I SHFT( NDNS(JAN(N) L+NDN(N)) -7))
29 FP = FLOAT( I P)* SUMT 100
C apply range correction: default RCl= 1 RCZ RC3 0 for no range cor.
IF (FP.GT.0. .AND. RCA.LE. FLOAT( L)) THEN! cor. for RCA <= range
| F(I NFLAG EQ 1. OR L. LE. INSIDE) THEN ! mini mal virga hazard
FP=FP* ( RC1+RC2* FLOAT( L) +RC3* FLOAT(L*L))

ELSE | @ap
FP=0. ! zero it beyond virga box edge if little precip inside @@@
ENDI F | @ap
ENDI F
PPl 2(L) = NINT(FP) !! now save nearest integer result
30 CONTI NUE Il end of radius |loop, range L

(SUBRQUTI NE HI NDSUM | i nes 2009-2010)

COVMON RESTRI CT/ LI M TVUE, | NSI DE, TOPI N, BOTI N, | NSUM | NTOT, | NFLAG, | @@@
, I NQUALI F, DURATI ON, FRACTI ON | coo

(SUBRQUTI NE HI NDSUM |ines 2097-2119, range restriction)

C update the stormand 3-hr and 1-hr totals
DO 25 M1, 360 'l azimuth | oop
Call 230 km precip in interval, mt100
READ( 9, REC=NVS+M PPl 2
READ( 10, REC=M PTEMP
C DO L=1, 230

Il read stormtotal precip
!l radius |oop, calculate depths
DO L=1, LI M TVUE Il radius | oop, calculate depths @a@
PTEMP(L) = PTEMP(L)+PPI2(L) !! add to stormtotal precip
DPI 2(L) = NI NT(FLOAT(PPI 2(L))*FLUFFN 10.)
ENDDO Il depth in interval, m¥10
WRI TE(10, REC=M PTEMP wite stormtotal precip
IF (SNSTD.NE." ') THEN if want snow depth files
READ( 11, REC=M) DTEMP stormtotal depth
C DO L=1, 230 add to stormtotal depth
DO L=1, LI M TVUE add to stormtotal depth @a@
DTEMP(L) = DTEMP(L) +DPI 2( L)

ENDDO
WRI TE(11, REC=M) DTEMP 'l wite stormtotal depth
ENDI F
READ( 9, REC=K3P+M PTEMP Il read 3-hr precip
READ( 9, REC=K3D+M) DTEMP 1l read 3-hr depth
c DO 22 L=1, 230 I,
11

DO 22 L=1, LI M TVUE ' coo
(SUBROUTI NE HI NDSUM | i nes 2026-2127, another range limt)

C DO 23 L=1, 230 H
DO 23 L=1, LI M TVUE 1 coo

(SUBROUTI NE HI NDSUM | i nes 2222-2223, another range linit)

C DO 30 L=1, 230 ! radius | oop
DO 30 L=1,LIM TVUE ! radius | oop @@

(SUBROUTI NE HI NDSUM | i nes 2262-2263, another range limt)

C DO 40 L=1, 230 I'l radius |oop
DO 40 L=1,LIMTVUE !! radius |oop @@

(SUBROQUTI NE FULLHOUR, i nes 2443-2444)

COMMON RESTRI CT/ LI M TVUE, | NSI DE, TOPI N, BOTI N, | NSUM | NTOT, | NFLAG, | @@
, | NQUALI F, DURATI ON, FRACTI ON (NG 2)

(SUBROUTI NE FULLHOUR, |ines 2487-2508, two nore range restrictions)

IF (1.LT.1TOP) THEN ' if want 3-hr files
DO M-1,360 !'! all azinuths
READ(9, REC=K3P+M PPI 2 'l all 230 km
C DO L=1, 230 'l all ranges
DO L=1, LI M TVUE Il all ranges @a@

C extrap. to full 3-hour period, preci
PPl 2(L) = NI NT(F*FLOAT(PPI 2(L)))
ENDDO
WRI TE(16, REC=M PPI 2 'l all 230 km
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ENDDO

IF (SNSTD.NE.” ') THEN ' if want snow depth files
DO Me1, 360 ! all azinuths
READ( 9, REC=K3D+M DPI2 11 all 230 km
C DO L=1, 230 'l all ranges
DO L=1, LI M TVUE Il all ranges @@@

C extrap. to full 3-hour period, depth
DPI 2(L) = NI NT(F*FLOAT(DPI 2(L)))
ENDDO
WRI TE( 17, REC=M DPI 2 ' all 230 km
ENDDO
ENDI F
ENDI F

(SUBROUTI NE FULLHOUR, |ines 2529-2549, two nore range restrictions)

DO M1, 360 'l all azinmuths
READ( 9, REC=K1P+M PPI 2 ' all 230 km
C DO L=1, 230 Il all ranges
DO L=1, LI M TVUE Il all ranges @@@

C extrap. to full 1-hour period, precip
PPI 2(L) = NI NT(F*FLOAT(PPI 2(L)))

ENDDO
WRI TE(18, RECEM) PPI2 !'! all 230 km
ENDDO
I'F (SNSTD. EQ’ ') RETURN 'l if no snow depth files wanted
DO M=1, 360 Il all azinmuths
READ(9, REC=K1D+M DPI 2 11 all 230 km
C DO L=1, 230 Il all ranges
DO L=1, LI M TVUE Il all ranges @@

C extrap. to full 1-hour period, depth
DPI 2(L) = NI NT(F*FLOAT(DPI 2(L)))
ENDDO
WRI TE(19, RECEM) DPI2 'l all 230 km
ENDDO
RETURN
END
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